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PREFACE

In order to quickly assess the effect of certain types of
terrain irregularities on the performance of ILS Glide Slope
antenna systems, a machematical-electromagnetic scattering coeputer
model has been developed.

This work was performed by members of the Modeling and
Analysis Secticn of the Electromagnetic Tecknology Division,
Transportation Systems Center for the Category 1 and 2 I1S Section
of the Terminal Navigation Branch ot the Systeas Research and
Development Service, Federal Aviation Administration (FAA).
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PART I. THEORY
1. inTRODUCTION

A mathematical model has been developed for predicting the
performance of image-type glide slope arrays in the presence of
certain types of terrain irregularities. Thz basic theory is
deveioped in the following section and then numerical results
ive presented, iilustrating the performance of different glide
slope array: for several terrain configurations.
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2. THEORY

The vertical antenna patiern of an image-type glide slope
arrzy is determined by the interference between the direct and
ground-reflected radiation. The ground-reflected radiation is
of course generated by the charges and currents induced in the
ground plane by the incident riadiation from the glide slope
arvay. For simplicity, we will assume that the ground is
perfectly conducting. For a perfect conductor, the surface
current density £ is given by:

R=axi, 1)

where fi is the unit normal vector pointing out of the ground
and Al is the total magnetic field:

- - -
H = Hi + RS' {2)
where ﬁi is tke incident and ﬁs is the scattered magnetic

fieléd.

In teras of the surfzce .urrent density X, rhe grouncé-
reflected or scattered magnetic fizid ﬁs 2t a receiver above
the ground is given by thxz fcllowing suiface integral:

ﬁs(?l) - -_,f-z f (M) x Ec(?lg?}as (3)
S

The position vectors ;l and r denote, respectively, the position
vector of the receiver and the position vector of a source point

on the ground plane S relztive to some zrbitrarily chosen origin

of coordinates. The two-point Green's Function Gi;l,?) is

given by:

-> -> 'e
G(rl,r)

e 1 | (4)
>

where k = 2z/)A and % is the wavelength of the incident radiation.
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We will adopt the prysical optics model for the surface
current density . Specifically, we will assusme, that on those
portions of the ground plane not directly illuminated by the
glide slope array (shadowed regions), £ is identically zero
and that sn those portions of the ground which are illuminated,
£ is given by twice the tangential component of the incident
magnetic field

[

0 on S_; {s)

268 x A) on S,, ' (6)

where S_ and S, denote, respectively, the unilluminated and
illuminated portions of the ground plane S. The physical
optics approximation for the current distribution shouid be
reasonably accurate when the characteristic dinensions of the
terrain irregularities are large compared with the wavelength
A. Substituting equations (5) and {6} into equation (3}, we
obtain the following approximate expression for the ground-

reflected magnetic field at the receiver point ?1:
i@Fn =1 (A x & (M1} x 6(F,.7)ds (7)
sV 1° T I i 1’ : .
S

+

The numerical evaluation of the integral in Equation (7)
for a grournd plane exhibiting arbitrary terrain variations is,
in general, a prohibitively time-consuming operation. Con-
sequently, we will confine our attention to terrains which
vary only along one cocrdinate axis. Specifically, we will
treat grovad planes which exhibit irregularities whica do not
vary in the direction perpendicular to the centerline of the
runway. The touchdown point on the centerline of the runway
opposite the glide slope array will be chosen as the origin of
coordinates. The z-axis is chosen to be the vertical axis
passing through the origin O and pointing out of the ground
while the x- and y-axes lie in a horizontal plane whose normal
parallels the z-axis. The x-axis points along the centeriine
of the runway while the y-axis is perpendicular to the center-

line. The terrain irregularities are assumed to vary only with x.
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That is to say, the equation of the surface of the ground is of
the form z = f(x) and is independent of variations in y. To
put it another way, the loczl outward normal to the ground, fi,
has only x and z components.

f A s R 4

¥e will now consider the problem of 2 horizontal dipecle

m

mounted above such a ground piane and oriented parallel to

k] T

r
f

the y-axis, the invariant axis of the tc-rain irregularities.
The geometry of a typical problem is illustrated in Figure 1.

The y-axis points into the page and the entire ground plane can

T N o

be generated by projecting the cross saction depicted in
= Figure 1 from -« to += in the y-direction.

To calculate the scattered field ﬁs’ generated by a given
terrain contour, the ground plane is first divided into a number
of connected planar sections which extend from -= to +*= in the
y-direction. The side view o/ such a section is represented by
the darkened segment of the contour depicted in Figure 1. The
peints (xﬁi’:01) and (xoz,zsz) represent the end points of the
section. The length L of a given segment

(‘- - J"‘oz'xoz)z * (zoz“ox)z)

is so chosen that the unit normal fi is essentially constant

W
il (o

)

T

Tn gy

L L

for 251925252 and Xg1$X¢Xg2- Once the contour has been segrmented in-
to these planar sections, Equation (7) :an be applied to each sec-

tion and the total scattered field ﬁs can be cbtained by summing the
contributions from all the sections. We will therefcre concentrate
upon obtzining an expression for the contribution to the total

scattered field ﬁs from a typical planar segment such as the
one depicted in Figure 1. It will be assumed that oaly those

i I b I

segnents which are in front of the receiver (-=<x¢x,) contribute
to ﬁs. The terrain dehind the dipole (-=<x<G) is assumed to be
perfectly flat. The exact nature of terrain bebind the antenna

) By

is not really critical since, in practice, the dipoles which
make up glide slope arrays arc screened to climinate the back
course.
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Let KS denote the contribution to the total scattered field
from the planar scction shown in Figure 1:

B (F) ~ 37 [[ﬂ x i; (M) x ¥6(F,,Frds (8)

where the integral is carried out over the surface of the segment
(cf. Eq. (7)). Let éx’ éy’ and éz denote, respectively, the

unit vectors in the x, y, and z directions. In terms of these
vectors, the unit normal n is given by:

fi = -sine & + cose éz, (9)

where ¢ is the angle between the planar section and the x-axis
(cf. Fig. 1). The {(x,z) coordinates of the transmitting d.pole
and the receiver are denoted, respectively, by (0,h) and (xl,zl).
For simplicity, we will assume that the receiver is on the center-
line of the runway so that Yy = 0. The y-displacement of the
dipole will be denoted by Ygr Glide slope arrays are generally
located several hundred feet from the centerline of the runway.

The incident magnetic field ﬁi(?) produced by the transmitting
dipole is given in terms of the volume current density J in the
dipole by the following formula:

ﬁi(?) = % f(ﬁ(?v) x V'G(?,?'))dv', (10)

where V' operates on the primed cocrdinates. Although the
actual dipoles which make up glide slope arrays are half-wave-
length bent dipoles, we will treat the case of a point dipole
with the following volume current distribution:

J(x) = Jg &y 8(x") 8(y'-y,) s(2'-h). (11)

This simplifying assumption expedites the evaluation of the
integrals (10) and (8) and should not be too restrictive since

we are only interested in the vertical radiation pattern formed

by the direct and ground reflected radiation. In Equation (11),

Jo is some constant, the §-functions are the Dirac delta

functions, and, as previously noted, Ya and h denote, respectively,
the displacement of the dipole from the centerline of the runway
and the height of the antenna above ground.
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Substituting Equation (11) into Equation (19) and integrating,
we obtain the folilowing expression for the incident magnetic field
Hi(r):
kJ ikD
. = i—2 & £(D) [x & - (z-h)&. ], (12)
1 4 D z X

where T = x éx +ve& + 28 and D is the distance from the
antenna to the field point r:

b= (x2 e (yy)? + (2-m¥Y/2 (13)

The function f(D) is given by

t(D) = % + i%2° (14)

It will be noted from the form of f(D} that we are retaining
the near field as well as the far field contributions to ﬁi‘

Equations (9) and (12) can now be substituted into Equation (8),
and the magnetic field Ks at the receiver point ?1 =xy 8 vz, 8
due to the single plarar section of terrain, evaluated. We will
assume that the receiver is in the far field of the terrain
segment So thatVG('!"l,it) can be written as follows:

P
1k,r1-r|

Z

.- o ) (?1-?) e
VG(I‘I,!‘) T -ik . (15}
- . ey
lrl-rl lrl-rl
Actually, only the z-comnonent of Es need be calculated since
tne receiving antenna respconds primarily to this component
p

(equivalently, the horizontal component of the electric field).
The z-component of ES will be denoted by hsz‘
Equations (9), (12), and (15) into Equation (8), we obtain the

following expression for hSz at the receiver:

Substituting

i h)
ho_(F,) = _gfgo (xl-x)(x sineg -(z-h)cose)f(D}elk(D’R' ds.,
st 1 gnl

pR?
(16)

where R = [(xl-x)2 + yz + (11-2)2]1/2 is the distance from a point

2-6
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on the terrain segment to the receiver. The element of area ds i

is equal to dydn, where n is a variable ranging from 0 to L
along the surface of the terrain segment perpendicular to the
y-axis. The x- and z-coordinates of a point on the surface of
the planar section can be expressed in terms of n as follows
(cf. Fig. 1):

X = X5 * n cose, 0<n<l.

(17)

z = 25, * n sine, 0<n<L

Substituting Equations (17) into Equation (16), we obtain :

k2,

sz(rl) ——7 [(vOI-h)cose - X sing] X é

+ :§§
f] (xl-xoé-n cose)f(o) eik(D*R)dydn, (18)
0 2w DR El

A ok

where D and R are expressed as functions of the variables y and
7 as follows:

D = [(xg encose)? + (y-y,)% + (z,-hensine)?1/2, (19)

P L L LTSI

1/2

{(x 01 ncose) + y + (z “Z51 -nsine) ] (20)

The integration with respect to y(-®<y<+®) can be performed
approximately using the method of stationary phase leaving only

an integrai with respect to n to be evaluated numerically:

ol S ot 6 o 1

4 2L ks

2 .
(r ) = ——70 [(z01 h)cose - xOISinc]Al/ze1 n/4 1,(21)

T LY PO TR TY

where
L

[ = ]eikF(n)G(n)dn. (22)
0

and F and G are defined as follows:

\
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2}1/2.

Pes
o

((xl-xm-rcose)2 + (21-201-nsine)
B = ((x01+ncose) + (201-h+nsxnr) )1/2

2

y 1/2
+» 2 , D=CB, R=CA,
(A+B)?

11,1
c3[4 3]'

F(n) = C(A + B),

[$]

[72]
]

£(D) {x,-x,,-ncose]}
G(n) = 1 "0l . (23)

2?
pr?sl/?

The contribution to the total scattered field Es from the
region behind the anteana (-=<x<0) can be calculated approximately
using asymptotic methcds. As noted previously, the terrain behind
the glide slope array is assumed to be perfectly flat (e=0, 2=0
for -=<x<0). From Equation (16), the contribution to Hsz from
this back course region, which will be denoted by hsz’ can be
written as follows:

ﬁs,(rl) = ——-——Of [(xl-x) f(D) eik(D*R)dydx' (24)
T DR

where

D= [x%+ (y-y)? ¢ nH1/2, ' (25
and

R = {(xl_x)z . yZ . 212]1/2. (26)

As before, the y-integration is performed by the method of
stationary phase leaving an integral of the following form:
kPhgp/2ein/4 g

hep (F1) = 2 et*F1() ¢ (xyex, (27)

8
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where Fl and Glare defined as follows:

- 12 2,1/2
A, [(x1 x)° + 2;7] ,
B, = (x2 + n2)1/2,
> 2 1/2
ya
C1 = ]+ —_— , D = CBl, R = CAl,
(Al*Bl)
1 1,1
S = -
L 2y J
C1 _Al B
f (D) [xl-x]

G - — )
109 D R SIUz

Fl(x) = C1 (A1 . Bl)

Integrals of the type in Equation (27) with rapidly varying
phase functions and no stationary points in the range of inte-
gration (here -=<x<0) can be approximated very accurately using
asymptotic techniques. It turns out that the major con-
tribution to the integral in (27) comes from the vicinity of
x = 0 and that we can write to a very good approximation:

ikhJokllzeinld Gl(o)eikFl(O)

R__(T,) = ,
sz''1 8n2 Fl'(o)

(28)

where GI(O). FI(O)’ and Fl'(O) denote, respectively the vailues
of Gl’ Fl’ and the first derivative of F1 at x = 0. These
quantities are defined below:

A (0) =[x %+ 2,712
B,(0) = h 2
1/2
y
c,(0) = |1+ a

(A, (0)+B, (0))*
D(0) = C;(0)B,(0)
R(0) = G, (0)A, (0)

1 [ 1, _1
C13(0) (M@ B0

Sl(o) =

2-9
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F1(0) = C;(0) [A;(0) + B,(0)]

, £(D(0))x,
‘ 6,00 = 2 1/2
D(O)R (O)S1 (0)
' -{A, (0)+B, (0)
| F,'(0) = (4, (05, 0] x . (29)
Fl(O) Al(O)

Using Equation (28) to represent the contribution to the
total scattered field from the region behind the antenna and
applying Equation (21) to each illuminated terrain segment lying
between the dipole and the receiver, we obtain the total z-com-
ponent of the scattered magnetic field by summing all these
contributior.:

Hsz = hsz * :Ehsz' (30)

The procedure for calculating the difference in depth of
modulation (DDM) at a given receiver location is quite straight-
forward. First, using the procedure outlined above, the complex
field amplitudes at the receiver due to each element in the

0w g B Caow

glide slope array are calculated. Let Hc, HISO’ and H90 denote
the total complex field amplitudes (direct plus scattered summed i
for all dipoles in the a- -ay) at the carrier frequency, the 150
#z modulated frequency, . 90 Hz modulated frequency, respect-
ively. 1In terms of these complex amplitudes, the difference in
depth of modulation is given by:

b.0.M. = Ref150"90} (31)

lNlC

o T e

where Re denotes the real part of the complex number. Full
scale de¢flection (150 microamperes) corresponds to a D.D.M. of
.175 for the giide slope. Consequently, the C.D.1. (course
deviation :indication) is given by:

H) 50 Hgo
Hc

C.D.I. = 857.14 Re (32)
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3. NUMERICAL RESULTS
3.1 INTRODUCTION

The formalism developed in the preceding section has been
applied to a whole series of glide slope siting problems. All
three main types of image glide slcpe arrays (null reference,
sideband reference, capture effect) have been treated. Compar-
ative results will be presented illustrating the performance of
each array for a few terrain configurations suggested to us for
study by the FAA.

The null reference array is the simplest of the image glide
slope systems. It consists of two transmitting antennas whose
heights are in the ratio of 2:1. The upper antenna is fed side-
band only signal, the 150 Hz and the 90 Hz components being of
equal amplitude but 180° out of phase. The lower antenna is
fed both carrier and sideband. The carrier signal is nominally
40% modulated. The ratio of the sideband currents in the upper
antenna to tne sideband currents in the lower antenna is typically
0.3. The sideband ratio of 0.3 would nominally yield a 1.4°
course width (full deflection 0.7° above or below the glide
path). Let Ic’ 1150, and I90 denote the current amplitudes fed
to the antennas at the carrier frequency, the 150 Hz modulated
frequency, and the 90 Hz modulated frequency, respectively. The
null reference array parameters discussed above can be summarized
as follows:

Carrier Antenna Sideband Antenna
Height = h Height = 2h
xc = 1 IC = 0
IISO = 0.4 IISO = 0.12
190 = 0.4 190 = -9.12

Note that all current amplitudes have been normalized relative
to the carrier current amplitude (Ic = 1).

The sideband reference array employs two transmitting dipoles
whose heights arc in the ratio of 3:1. If the lower antenna is
positioned at 1/2 the height of the lower antenna of the null
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reference array and if the upper antenna is positioned at 3/4
of the height of the upper antenna of the null reference array,

the same glide angle is produced. Modulated carrier (40% modulated)

is fed to the lower antenna. Both antennas are fed separate
sideband signal. The separate sideband signals fed to the two
antennas are equal in amplitude but are 180° out of phase. The
amplitude ratio of the separate sideband signal to the carrier
sideband signal is typically 0.3. This ratio produces a nominal
course width of 1.4° as in the case of the null reference array.
The sideband reference parameters are summarized below.

Lower Antenna Upper Antenna
Height = h Height = 3h
Ic = 1 lC =0
1150 = (.28 flSO = 0.12
190 = 0.52 Igg = -0.12

Note that the IISO and 190 current amplitudes given above for the

lower auntenna represent the sums of the carr.er sideband and

separate sideband signals (I = . 4-,12 = .28, 1 =  4+.12 = _52).

150 90

All current amplitudes have been normalized relative to the carrier

signal amplitude.

The capture effect glide slope array consists of three
transmi‘*ving antennas whose heights are in the ratios of 1:2:3.
If the jower and”middle antennas are set at the same heights as
the null reference antcnnas, the sume glide angle is produced.
We will not ireat the clearance signal which provides a strong
fly up signal at low approach angles but has little cffect
upen the glide angle and course width. Concerring the
primary signal, modulated carrier is fed to both the lower and
the middle antennas. The modulated carrier fed to the middle
antenna has half the amplitude and is 180° out of phase with the
modulated carrier fed to the lower antenna. The carrier signals
are rominally 40% modulated. In addition, all threc antennas
are fecd separate sideband signai. The separatc sideband signals
fed to the lower and upper antcnnas have half the amplitude and
are 180° out of phase with the separate sideband signal fed to
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- ; the middle antenna. The ratio of the separate sideband signal
fed to the middlec an*enna to the carrier sideband signal in the
lower antenna is typically 0.3. This ratio yields nominally a
course width of 1.4° as in the case of the null reference array.
The capture effect array parameters are summarized below.

Pt M A L

SO AR ot |

Lower Antenna Middle Antenna
. Height = h Height = 2h
g . I_=1 I_=-0.5
xlSO = 0,34 1150 = -0.08
190 = 0.46 190 = -0.32

Upper Antenna

Height = 3h
I.=20

= -0.06
= 0.06

Iiso
I9o

Notc that the IISO and 190 current amplitudes given above represent
the sums of the carrier sideband and separate sideband signals.
Again, all values have been normalized relative to the carrier

amplitude in the lower antenna.

It should bc noted here that our computer program automatically
offsets the clements of each glide slope array to correct for the
effects of proximity phase lag. The y coordinates of the clements
are adjusted so that all dipoles are at the same slant distance
from the touchdown point on the runway directly opposite the array.
For each array, onc clement is held fixed while the cther elements
are offset relative to the fixed one. Fcr the null reference and E

sideband reference arrays, the lower elcment is held fixed while
for the capture array, the middle clement is held fixed. The
amount of the offset for cach dipolc can be calculated approxim-
ately in the following manner. Let Y, and h denete, respectively,
the y-coordinate and height of the fixed antenna clement. The

sl BBt gl

il

y-displacement, €, of any other element in the array rclative to
the fixed one is given approximately by:

ot
*
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where H is the height of the element which is to be offset.

For the present study, the wavelength A was set at 3 fect.
All arrays were positioned 400 feet from the centzrline of the
runway. The heights of the array clements were set at 14.33 fecet
and 28.66 fect (approximately S) and 10A) for the null reference
array, 7.17 feet and 21.5 fcet (approximately 2.5) and 7.51) for
the sideband reference array, and 14.33 feet, 28.66 feet, and
12.99 feet (approximately S5A, 10A, and 15)) for the capture cffect
array. If the ground plane were perfectly flat, a glide angle of
3® would be produced by all three arrays.

Two types of data will be presented. CDI as a functicn of
horizontal distonce from touchdown will be plotted for anm aircraft
in level flight at an altitude of 1200 fect as measured irom the
base of the antenna array (z1 = 1200 ft.). This horizontal fiight
data is useful for studying course linearity. In addition, CDi as
a function of horizontal distance from touchdown will be plotted
for an aircraft flying the nominal 3° glide path. On the graphs
to be presented, positive CDI indicates that the 150 Hz modulition
is dominant (fly up indication) while negative ChGl indicates that
the £0 Hz modulation is dominant (fiy down indication).

3.2 FLAT TERRAIN

Figures 2 and 2A show the level flight and nominal glide
path CDI for the null reference array assuming a perfectiy f{lat
ground plare. The data was generated by summing the contributions
to the scattered field from the first 5000 feet of ground planc.
The results for all three arrays are essentially identical in this
casc so that we will present only the null reference data. The
dashed lines in the figures represent the ideal results which are
based upon simple image theory assuming a flat, infinitc ground
plane. The ideal results and the predictions of our model are
clearly in close agrecment. Obviously, 5000 fect of flat ground
are quite sufficient to produce an excellent course. The small
discrepancies between the ideal results and the predictions of our
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model which are most apparent in Figure 2A result from the trun-
cation of the ground. These deviations however amount to, at most,
approximately 2 microamps. Figure 2A shows a perfect flare or
hyperbola being flown as would appear in a standard radio theodo-
lite flight inspection run. (iHad a straight line glide path at 3°
been flown, the CDI would have assumed larger and larger positive
values (fly up indication) as the receiver approached the touch-
down point due to the fact that the straight line glide path is
actually only asymptotic to and actually below the true zero DDM
trajectory which is a hypsrbola.)

3.3 TERRAIN DISCONTINUITY

The next series of graphs (Figs. 3A, 3B, 3C, 3p, 3E, 3F)
give the predictions of our model for a terrain which slopes
downward away from the array for 1200 fec> at an angle of 0.6°
from the horizontal and then levels off for an additional 3800
feet at which point we truncate the ground plane (see Fig. 3). The
dashed lines represent the ideal image theory predictions based
upon the infinite, flat ground plane. The results for all three
arrays (null reference, sideband reference, and capture effect)
are very similar. The courses undergo a downward shift of 9.6°
relative to the horizontal.

Referring to the level run flight data (Figs. 3A, 38, 3C),
it will be noted that the zero crossings occur at approximately
29,500 feetr from touchdown. For a receciver at a height of 1200
feet as measured from the base ¢f the antenna array (z} = 1200 fr.),
the zero cross’ng at 29,500 feet would indicate a glide angle of
approximately 2.33° relative to the horizontal (the x-y planc}.
The nominal glide angle is 3°.

The flyability runs (Figs. 3D, 3E, 3F) also rcflect this down-
ward shift. Flying the nominal 3° glide path, the data shows a
nearly constant fly down indication of between 1!l and 140 =micro-
amperes. Assuming a course width of 1.4° (0.7° above or below the
glide path corresponding to full scale deflection of 132 micro-
amperes), fly down signals in this range indicate that the receiver
is about 0.6° above the true glide angle.
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3.3.1 Adjusted Antenna Element Heights

In o.der to correct for this downward shift of the glide path
angle, the antenna array elements have been repositioned downwards
to give a 3® glide path angle. This zlide path angle is determined
as the arithmetical mean over the distance between the middle
marker (3500 feet from the threshold) and four miles from the
threshold along the runway centerline extended.

The null reference, sideband reference and capture effect
antenna element re-positioning are shown in Table 1.

TABLE 1.

Original Positions (feet) New Positions (feet)

Lowest Middle Highest Lowest Middle Highest
Null Reference 14.33 28.66 11.99 23.97
S.B. Reference 7.17 21.5 5.88 17.64
Capture Effect 14.33 28.66 42.99 11.66 23.32 34.97

The level flight results with these new antenna element
positioning are shown in Figures 3G, 3H, and 3I. The crossovers
occur very nearly at the nominal glide angle of 3° (which for the
1200 toot high horizontal flight corresponds to approximately
22,900 feet on the abcissa of the graph).

The flyability run results with this new positioning are shown
in Figures 3J, 3K, and sL. For all three antennas, the CDI has
been reduced to just a few microamperes by the above repositioning
of the antenna element heights.

3.4 20-FOOT DRuPOFF

The next series of graphs (Figs. 4A, 4B, 4C, 4D, 4E, 4F) show
the results for a terrain which extends flat for 1200 feet in
iront of the array and then drops off 20 feet to a lower plateau
which then extends outward an additional 3800 feet (see Fig. 4).
From Figures 4A and 4D, it can be seen that the null reference
course tends to be elevated in the presence of such a terrain.
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The horizontal flight curve is shifted relative to the ideal curve
yielding, over much of the course, stronger fly up signals, weaker
fly down signals, and a zero crossing slightly closer to touchdown
(an elevated glide path) than are predicted by image theory assum-
ing a flat infinite ground plane.

The nominal flyability run (Fig. 4D) shows a consistent fly
up indication over aost of the course ranging between 6 and 13
microamperes except between the middle marker and threshold where
a fly down signal of -6 microamperes occurs.

The sideband reference data are depicted in Figures 4B and 4E.
Note in Figure 4B that the sideband reference zero crossing point
is unaffected by the presence of the dropoff. Inside the zero
crossing point, the predicted CVI is somewhat weaker than is pre-
dicted by image theory while beyond the zero crossing point the
predicted CDI is somewhat stronger than is predicted by image
theory, at least in the relevant course region (CDI < 150 micro-
amperes).

The flyebility run (Fig. 4E) exhibits alternate fly down and
fly up indications with peak values ranging from -5 to +12
microamperes.

The capture effect results are shown in Figures 4C and 4F.
The level run flight exhibits relatively close agreement between
the predicted CDI and the ideal image theory predictions except in
the region beyond approximately 27,000 feet where the predicted
fly up indication is considerably weaker than is predicted by
image theory.

The nominal flyability run exhibits excursions ranging from
-4 to 7 micrcamperes. All these deviations from ideal performance
result from reflections from the lower plateau which tend to
disrupt the nominal space modulation pattern.

3.4.1 Adjusted Antenna Element Heights

A 3° glide path angle, obtained as the arithmetic mean over
the distance between the middle marker and four miles out, was next
flown. The 3° glide path angle was obtained by re-positioning
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the antenna element heights as shown in Table 2.

TABLE 2.

Original Pcsitions (feet) New Positions (feet)

Lowest Middle Highest Lowest Middle Highest

Null Reference 14.33 28.66 14.45 28.89
S.B. Reference 7.17 21.5 7.21 21.62
Capture Effect 14.33 28.66 42.99 14.35 28.72 43.08

The level flight results with this new antenna element posi-
tioning are shown in Figures 4G, 4H, ard 4I. These new results
are only slightly different from the original as might be expected
with only a slight change in the antenna element heights.

The flyability run results are shown in Figures 4J, 4K, and
4L. The null reference flyability run, Figure 4J ecxhibits a
mostly fly up indication with a peak value of 8 microamperes. Near
the middle marker region there is a fly down indication with a peak
value of -11 microamperes.

The sidebanc reference and capture cffect antennas (Figures 4K
and 4L, respectively) behave similarly, with peak values ranging
from -9 to +8 microamperes for the sideband antenna and ranging
from -6 to +6 microamperes for the capture effect anterna.

3.5 DROPOFF AND UPGRADE

The next terrain configuration to be discussed is depicted in
Figure 5. The terrain consists of 1200 feet of flat ground ending
in a 40 foot drop followed by an upgrade rising 58 feet in 1900
feet and finally terminating with 1900 fcet of flat ground. This
terrain configuration as well as the others previously discussed
was suggested to us for study by the FAA. The null reference data
are shown in Figures S5A and SD. Th2 level run flight results
(Fig. 5A) show considerable deviation from the ideal. The zero
crossing point is shifted hy nearly 2000 feet toward touchdown
(equivalent to an elevation of the glide path to 3.19°). Course
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linearity is greatly distorted. Note that the curve is aluost level
from 25,000 feet out to 29,000 feet.

The nominal flyability results (Fig. 5D) reveal a strong fly
up indication of about 60 microamperes over much of the course and
an even stronger fly down signal at about 7000 feet from touchdown
of about -70 microamperes.

The sideband reference results (Figs. 5B and 5E) are qualita-
tively very similar to the null reference results but, quantita-
tively, the distortions are not as severe. It will be noted in
Figure SE that the excursions are about +35 microamperes in magni-
tude as compared with 60 and -70 microamperes in the case of the
null reference array.

The capture effect results (Figs. 5C and 5F) slkow the least
distortion. In Figure SC, it can be scen that the :z:ro crossing
point undergoes a relatively modest displacement, ‘he nominal glide
path results (Fig. S5E) exhibits excursions ranging from -11 to 17
microamperes, a decided improvement over the null reference and
sideband reference arrays.

3.5.1 Adjusted Antenna Element Heights

In an attempt to improve the flyability of this course, the
antenna element heights were adjusted to give a mean 3° glide path
angle over the distance between the middle marker and four miles

out. The new antenna element heights arc shown in Table 3

TABLE 3.

Original Positions (feet) New Positions (feet])

Lowest Middle Highest Lowest Middle Highest

Null Reference 14.33 28.66 15.02 30.04
S.B. Reference 7.17 21.5 7.35 22.04
Capture Effect 14.33 28.66 42.99 14.59 29.18 33.77

The level flight results with this new positioning are shown in
Figures 5G, 5H, and SI. The flyability rcsults are shown in
Figures 5J, SK, and SL.
3-44
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Re-positioning of the antenna element heights for this type of
terrain to obtain a mean 3° glide path angle does not improve the
course though the cross overs (Figures 5G, SH, and 5I) do occur
somewhat closer to the required 3° glide angle. As can be seen on
comparing Fipore 5J, 5K, and 5L with the uncorrected values shown
in Figures SL SE, and S5F, the flyability ot the course has not
improved by this re-positioning. The peak-to-peak values are now
-115 to 21 microcamperes for the null reference antenna; -57 to 21
microamperes for the sideband reference antenna; and -22 to 7 micro-
amperes for the capture effect antenna. While the fly up indica-
tions have in all cases been reduced, the fly down indications have
all gone up. This is because the re-positioning of the antenna
element heights simply shifts the CDI pattern either up or down.
This type of correction is very useful when a uniform shift of the
CDI pattern occurs, for example, when the terrain has an up or down
slope, as w.s the case depicted in Figure 3. Adjusting the antenna
element heights there for a mean 3° glide path angle shifted the
whole pattern back toward zero CDI. Hocwever, for the terrain
depicted in Figure 5, which produced both up and downward CDI
shifts {as shown in Figures 5D, S5E, and 5F), tne simple tramslation
of the CDI pattern that was produced by adjusting the anterna
element heights for a mean 3° glide path angle, cannot yield zero
CDI over the whole course. By reducing the fly up indications,

the fly down indications, in fact, became stronger.

We do emphasize again, however, that for this terrain the
sideband reference antenna produced a much improved course vver
the null reference, and that the capture cffect antenaa a much
inproved course over the siderand reference anteuna.

3.6 UPGRADE, DROPOFF AND UPGRADE

The next terrain configuration to be discussed is depicted in
Figure 6. The terrain consists of 10060 feet of ground sloping up
at 3/4° ending in a 20 foot drop which is then followed by 500 feet
of flat ground followed by 3500 feet of ground again sloping up at
3/4°. The results are shown in Figures 6A, 6B, 6C, 6D, 6E, and 6F.
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Looking at the level flight runs first, Figures 6A, 6B, and
: 6C, we see that the null rererence antenna data exhibits no zero
3 cross over in the range considered (though there is a probable zero
cross over at an elevated glide path angle of 3.7°; in contrast to
this the sideband reference antenna has two zero cross overs in
é : the same range, one at about Z.1° and the other at approximately
2.5° {and another probable zerc crossover at about 3.7°) to pro-
s ’ duce a highly non linear distorted course; the capture effect
antenna appears to have two zero crass overs one at 1.5° and an-

= other at 3.6°.

The flyability results are shown in Figures 6D, 6E, and 6F.

5 The null reference data (Figure 6D} reveals a strong fly up signal
of about 155 microamperes which is equivalent to almost 3/4°, which
3 is just the angle at which the two separate pieces of ground slope
3 upwards {see Figure §). Clearly, to the null reference antenna,
this typ~ of terrain appears as a simple upslope.

1 Interestingly, the sideband reference results (Figure 6E) for
this type of terrain are even pooirer than the preceding for the
null reference antenna.

E The best performance is exhibited by the capture effect

2 antenna whose results are depicted in Figure 6F. There is a fly

3 up signal over the flight path whose peak-to-peak excursions range

'5 from 46 microamperes to 90 microamperes. about half that of the
null reference antenna. The terrain does not appear as 2 siaple

- 3/4° upslope to the capture effect antenna which would have then

produced the same 135 microampr -- excursion as it did for the nuli

reference antenna (see for exan,ie, the results for the simple

upslope pictured in Figure 3).

3.6.1 Adjusted Anteanna Element Heights

Figures &G, 6H, 6I, 6J, 6K, and 6L exhibit the results for
the terrain of Figure 6 after the antenna element heights have been
adjusted to provide a 3* glide path. This 3° glide path angle was
determincd as the arithmetic mean over the distance betwcen the
middle marker and four miles from the threshold. The adjusted

heights of the elements are given in Table 4.
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TABLE 4.

I Original Positions (feet) New Positions (feet)

, Lowest Middle Highest Lowest Middle Highest

e 3 Null Reference  14.33 28.66 19.28 38.55
LR S.B. Reference 7.17 21.5 9.87 29.61
Capture Effect 14.33 28.66 42.99 16.48 32.97  49.45

The level flight results with these re-adjusted antenna
element heights are shown in Figures 6G, 6H, and 6I. These level
flight results still show considerable deviation from the ideal;
with course linedrity, in all three cases, distorted, though the
null reference antenna data (Figure 6G), does exhihit the correct

26Y0 CTOSS over at 3°.,

The sideband reference level flight results (Figure &H)
exhibits no less than three zero cross over points within the
range considered here (20_000' to 46,000'). Two of these zero
crsssings (one at about 3° and the other at about 2°) are in the

right direction, which therefore could present & serious probiem

to the pilot. These results indic.te that i1t 135 possible to fly
a zero CDI course at the incorrect glide angle using a sideband
reference antenna over this terrain.

The level flignt values produced by the capture effect system
are shown in Figure €', The zero crossing here is at approximately
2.8".

The flyability of the course has been dramatically improved
in all three cases with the new re-pssitioned antenna element
heights. The null reference antenna results, shown in Figure 6J,
has excursions between -2l microamperes and +9 microamperes (com-
pared to 155 microamperes before re-positioning). This is ¢sa-
siderably better than the sideband reference results (Figure 6K)

which could not be corrected to give less than peak-to-peak micro-

ampeve excursions of -73 to +25, and even somewhat better than the

capture effect antenna results (Figure 6L) which show excursions




of between -19 and +25 microamperes after re-positioning of the
antenna element heights.

It is interesting that for this type of terrain, consisting
of two upslopes and a discontinuity, it has still been possible
to correct the null reference antenna to produce results at least
as good as those produced by the capture effect antenna. This
will be the case, in general, whenever the terrain consists of
simple up or downslopes.

3.7 HILL TERRAIN

The final terrain configuration to be discusszed is depicted
in Figure 7. The terrain consists of 3000 feet of flat terrain
followed by an upgrade of 5° extending for ancther 2000 feet. The
null reference data are shown in Figures 7A and 7D. The level
flight results (Figure 7A) show a zero crossing point which is
shifted about 1000 feet toward touchdown, equivalent to an eleva-
tion of che glidepath to 3.12°,

The flyability results {Figure 7D) reveal a streng fly up
indication of 67 microamperes over the course from 30,000 feet te
about 9000 feet from touchdown. This is followed by several very
strong fly down indications, the highest of which occurs approxi-
mately 5500 feet from touchdown with a peak value of -182 micro-
amperes.

The sideband reference results are shown in Figures 78 and 7E.
The level flight data (Figure 7B) shows a cross over precisely at
the 3° glide path angle, though an additional false cross over
occurs at 1.6° (about 43,000 feet from touchdown feor the 1200 foot
high level flight}. The fiyability data (Figure 7E) reveals an
alnost distortion-free course until about 18,000 feet from touch-
down. However, as the aircrzft approaches cluser, 2 gradually
increasing fiv up signal is received which peaks at 87 microamperes
at about 8500 feet from touchdown. This is foliowed by even
stronger fly down signals, the largest of which peaks at -165
microamperes about 5500 feet from touchdown.
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The capture effect antenna system results are shown in Figures
7C und 7F. The level flight data (Figure 7C) exhibits a zero cross
over which is very nearly at the correct 3° glide path angle,
though here too, as in the sidepand reference data, there appears
to be a false cross over (at about 1.46°). The nominal glide path
results (Figure 7F) show that the capture effect antenna system
offers a decided improvement over thc two previous antenna systems.
There is a near zero CDI over most of the course, nevesr exceeding
27 microamperes, from 30,000 feet until 8000 feet from Zouchdown.
This mild fly up signal is followed by severail fly down signals
which however, never exceed -45 microamperecs (which is only about

a quarter that of the other two systems). Clearly, for this type
of terrain, characterized by flat ground followed by a mildly

steep hiil, only the capture effect system can produce an acceptable
course structure. This is true even after the antenna element

heights arc adjusted to form a mean 3° glide path angle.

3.7.1 Adjusted Antennia Element Heights

This mean glide path angle was formed by re-positioning the
antenna element heights as shown in Table 5:

TABLE 5.

Original Positions (fecet) New Positions {feet)

Lowest Middle Highest Lowest Middle Highest
Null Reference 14,33 28.66 14.64 29.28
S.B. Reference 7.17 21.5 7.22 21.7
Capture Effect i4.33 28.66 42.99 14.35 28.71 33.07

The results with this re-positioning of the antemna element
heights are shown is Figures 7G, 7H, 71, 7J, 7K, and 7L. The level
flight data, Figures 7G, 7, and 71, are similar to the previous
level flight data, which was to be expected with the modest change
ia the z1tenna element heights needed to obtain a mean 3° glide

path angle.




TUEH ‘Y811 uny 10407 'Auddy oduoudj oy [InN porsnlpy  "ug sandyy

- “ - eme e cmc————— .

- e
CENTY
.
i .
R L)
"
] ~
| - .
H 1,
i
Y
LT
o




RN g rA UL g el

L1

e
b

]t e e

CTTH ‘3u8g1d uny (0ad ‘Suaay d0UILDJIY

T Bt

puuvqapis paasn(py

e

—— " o s " "

-y

-
B erende?

. "

LR

.

[

"y




re e

ITTH ‘34y817g uny [2497 ‘Lexay 322339 2anided poasnlpy - dandiy

" .
sl - - gl 11 'K
3zt sseee FH I scee BRI trwm i KR o .2 - I H .35
w [ + wpes e o [} -y o4 . - . I B e ol
A . )
V - sl !
H
! - - %k
A i ;
— )
, |
\ -
- \
- A !
_— 4 ® ﬁ
I
-~ I
4 - o o ey ko - -, . f am, ' ,_
[ < U . { - ;
, 2 il
-~ '
N r
~
i
Ll 2 1 L “
'
LR L v
1k
i
;
LAY I
1
"
kA wa S L L BB A e 20l o g g e 40; o ot At et A L W 4 P 5 W B g
. SR AL TR PRI SRS PR 1 g hiatre s Sl » Slipiale s LY L e et r e T Bt ot L R L g




IITH ‘uny £3171qed14 ‘Aexay 0doudl1dzay 1IN psisn(py ‘r/ oandtd

3-7¢

Sinjaetledia

,w %.H \ _
T een ! :‘,\/\: e e ,m .
! +

3




B
il
) TIIH ‘uny £3111qed1d *Aeiay 9oud42)dY pueqaplg paisn{py ‘N, oindiyg
!
1 1 . n
" ,_r..vn.- .m.ouJ-..!:l. “...—nia«an ‘l.ue.a-w - i.sn«s_..-. wa..l -.f xﬁf 11 * .__.,- n.- 4:.. ..wm. - wr
B IR L 1]
-
_ -4
H
. b ; e
« ————— - P Mol N PR IRE A .ot < .m R
e et BT e e 1 v e 7 e 2 — o ,_ M -
L 4 B4
| - S
I
- g i
- ey
|
|
|
%i“nitill(ll.t i
| ot L L «..z, Lm,._.;‘ & iy ,{,,:E.“,,.; Wi g et etk " bt i L g e bk Ry o AT L o o




TUTH ‘uny A3111qed1y ‘Aeday 322334 aanide) pasnfpy °1L 2andry

e
"
ik A 1 bt 1 M 1 (114 o - ey e ey (4] .. e die e 1]

“ * - ¥ Y [ OUEEONUSUH S ————— N » 3 ’ + » Y ' __4 et

a._.no.

.M. L1 19
{
. i
hat K4 "
. i
w -y |
N H o '
B I R S A ER e Lo o PN o oA = — \w e —— ———— > ¢ m ] J

g { -

' . .
-4 \
( 3 f
- |
) I
! ]

Moo g
il s ol o ot L A ik




LI T o

=
Es

The flyability data are shown in Figures 7J, 7K, and 7L. With
the null reference antenna (Figure 7J) there is less of a fly up
indication after antenna adjustment thin before (an almost uniform
56 microamperes as compared to 6/ microamperes before the re-
positioning) but larger fly down peaks (-208 microamperes as com-
pared to -182 microamperes). Similarly, for the sideband reference
antenna: the fly up signal decreased from a maximum of 87 micro-
ampercs to a maximum of 82 microamperes, but the fly down signal
increased from -165 microamperes to -171 microamperes maximum.

The course structure using the capture effect system remains
essentially the same as before re-positioning.

As also found for the case of the terrain depict:-2 in Figure
S, a simple re-positioning of the antenna eiement heights to
obtain a mean 3° glide path aagle over the distance between the
middle marker and four miles Hut does not improve the course
structure for the terrain of Figure 7. As before, here too, the
original course structure showed both fly up and fly down excur-
sions. In correcting the cae, the other becomes worse. The only
system capable of producing an acceptable course structure for
this "hill" type terrain is the capture effect system.

3-32




SIS e e
ey - -

PART I1. USER'S MANUAL®
1. INTRODUCTION: DEFINITION OF INSTRUMENT LANDING SYSTEM

The ILSGLD program has been written to simulate certain
terrain conditions which affect the glide slope portion of the
Instrument Landing System. The ILS is used to provide signals for
the safe navigation of landing aircraft during periods of low
cloud cover and other conditions of restricted visual range.
Separate systems are used to communicate vertical and horizontal
information; the vertical system is called the "glide slope".

This system operates by the transmission of an RF carrier,
amplitude modulated by two audic frequencies, beamed to approach-
ing airborne receivers. In an instrumented aircraft, the glide
slope receiver serves to demodulate the RF signal, amplify and
isolate the corresponding audio signals and derive a signal to
drive the ILS vertical display in the cockpit. The pilot, by
reading the display, can determine if he is on course, above or
below the glide path. These signals must be strong enough to
cover a radius of 15 miles around the antenna.

The directional information is detcrmined by the relative
strengths of the transmitted sideband signals. The audio fre-
quency modulations, which are fixed at 90 Hz and 150 Hz, are
radiated in different angular patterns with respect to the intended
glidepath. The "course" is defined as the locus of poirnts where
the amplitudes of the two modulations are equal. The display of a
difference of the amplitudes (90 Hz and 150 Hz) of the sidebands
is referred to as the Course Deviation Indication. Thus, the CDI
is the pilot's indication as to what his altitude is relative to
the glidepath. The CDI is measured in microamps. The actual
coursa generated by any particular ILS installation will deviate
from the ideal due to irregularities in the terrain. The devia-

——

tion of the CDI, caused by these irregularities, from tae ideal
receiver reading at that peint in space (e.g., on the glidepath
a CDI reading other than 0) is the derogation effect.

¥part Il 1s in actuality Section 4 of the report; accordingly,
Chapters 1-5, Part II, are paginated as 4-1 through 4-16.

i-1




The glide slope system transmits an asymmetrical pattern by
beaming a "carrier plus sideband'" pattern and a "sideband only"
pattern, the composite of which gives the desired effect.




[RP—

e ——— S———

P

2.  ANTENNA PATTERNS

The proper angular variation of the transmitted 90 Hz and the
150 Hz modulation is achieved by the radiation of the two independ-
ent sideband patterns by the transmitting antennea. One pattern,
the "carrier plus sidebands" (C+S) signal, is radiated in a
symmetrical pattern; the other pattern, the "sidebands-only" (S0)
signal, is radiated in an "anti-sy.aetrical" pattern relative to
the prescribed glide angle (see Figure 8.)

The C+S signal is composed of a carrier wave and paired side-
band waves at 90 Hz and 150 Hz. The sideband amplitudes are equal
and represent a 40% modulation of the carrier wave (or a “depth
of modulation™ of 0.4) at both frequencies. The SO wave is a
carrier wave that is equally modulated at 90 Hz and 150 Hz 2o the
extent that it retains no pure carrier component,

The spatial modulation pattern obtained by combining the
symmetrical C+S pattern with the "anti-symmetricaf" SO pattern is
illustrated in Figure 8. At a given receiver point the total
signal is the C+S carrier pilus the combined sideband amplitudes of
the C+S and SO patterns. The sideband amplitudes are phased so
that above the glide path the 90 Hz amplitudes add and the 150 H:z
amplitudes subtract, while below the glide path, the 90 Hz ampli-
tudes subtract and the 150 Hz amplitudes add.

Any angular deviation of the airplane's receiver from the
correct course results in a "Difference in Depth of Modulation"”
(DDM) between the 150 Hz and 90 Hz signals. Since the strength of
C+S and SO signals fall off at the same rate with distance from
the transmitting antenna, the DDM is independent of range.

The antenna patterns are generated by using arrays of one or
morc elements in combination with the ground as reflector. The
effect of an ideal ground plane on a single element is as though
there was an "image" element located below the ground and radiat-
ing equal power to the recal element but with opposite phase. In
a glide slope array there will be two or more elements radiating
different signals to give the desired combined antenna pattern.

i-3
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(Note that this means that a glide slope array is defined by giving,
for each element, its location and complex amplitude of the
carrier and sidebands.) However, the real ground is not an ideal
plane. This has the effect of distorting the element patterns and
results in a derrogation of the glide slope systea performance.
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3. SIMULATION DESCRIPTION OF ILSGLD

The ILSGLD simulation program allows the user to study the
effects of various ground shapes and antenna types. Using this
program, the user may determine what antennd systems will give
acceptable perfornance with 2 particular giround configuration or
what ground shapes cause problems with various antennae.

The prograa uses a ground description, an antenna description,
ind a set of spatial coordinates of the receiver location as input.
Tke program calculates and outputs for each ruceiver location, the
CDI at that point both from the "real” ground axd from an "ideal"
(perfectly conducting and flat) ground planc. In addition, the
effects of the electrical and mechanical inertia are inciuded and
"dynamic CDI's" are also output for both cases.

The inputs for ILSGLD are data files prepared by the program

FMAKE.

The outputs frow ILSGLD are in data files which arec used

as input to a third program GLDPLT. GLDPLT produces graphical
outputs of the various CDI's. The description and usage of these
prcgrams are described in succeeding sections.

The ILSGLD simulation makes certain simplifying assuaptions.
These include:

a.

b.

perfectly reflecting ground surface

far field scattering - all scattering from points on the
ground surface is assumed independent of all other points,
thus multiple reflections and near field interactions are

ignored
noise free environment

reiative field strengths - the absolute field strengths
involved are not calculated. Thus, while the CDI's <an
be calculated in microamperes, the absolute electric
field intensities are not ascertained

idéslized receive? =madel

geometrical shadowing - the shadowing of one portion of

4-6
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the ground on another is donc by straight ray approxima-
tions assuming a total cutoff with nc diffraction.

g. antenna elements are assumed to be simple dipoles.

3.1 METHOD OF SIMULATION

An antenna clement is described by giving its x-, y- and z-
coordinates and the compliex amplitudes of its radiated amplitude
at the three f{requencies {carrier, 150 Hz, znd 90 Hz sidebands).
The ground is broken up into strips; these strips hava an infinite
width and a finite length. The infinite extent is parallel to the
y-axis, that i3 at a right angle to the runway centerline. Thus, a
ground strip is described by giving the x- and z-coordinates of
the leading and trailing edges of the strip. A receiver location
is described by giving its time, x-, y- and z-coordinates.

The basic part of the simulaticn consists of calculating the
field at a receiver location. This field is caused by tie power
radiated from an element and reflectad from a strip. A detaijed
description of the method of caiculation has been jiven previcusly
(Part 1). The receiver field can be expresssed as a complex gain
factor tines the radiated antenma field. This gain factor is
expressed as a double integral over the strip. The integration
along the infinite extent (y-axis direcction) was approximated by
using the stationary phase method. The resulting singie integral
is solved by a modified trapezoid rule. The trapezoid rule is
used with the spacing between samplie points adjusted for cthe
derivative of the integrand.

Thus, for a given receiver location, the program takes an
antenna elcment and Calculates the "gain factor" for each groum
strip, multiplies by the radiated power, and zum< the tkres coaplex
ficld intensities for all 3round strips. The direct ficld of the
clement at the receiver is then added. This process is repeated
for 311 clements, giving the totsl ficld at the receiver. Using
an ideaiized receiver model the voltages at the output of the
receiver zre calculated aad the CDi derived. This is then reprated
for the next receiver location by suzaiag the ficlds over ali the




elements and over all the strips. For comparison purposes, the
"ideal" ground plane field is also calculated and summed separately.
The CDI's due to actual and idealized ground conditions may then

be compared. Finally, a second pair of CDI's are derived by using
a first order difference equation with the instrument time con-
stant and the time differc .cc from the last point, thus simulating
the "inertia" of the ILS glide slope receiver and display {so
called "dynamic" CDI).

At each receiver point, an output record is generated in
file STRIP.DAT consisting of the x-, y-, z-, and time coordinates
of the receive plus the four CDI's.

I[f the terrain is sufficiently irregular, part of the energy
radiated toward a point on the ground may be intercepted by
another piece of the ground closer to the antenna. This shadowing
is complex including, as it does, diffraction as well as reflec-
tion. This is approximated in the simulation by using ray optics;
that is. the shadow is assumed to have no diffraction at the edges
and a zero field amplitude inside the shadow. The program does
this by assuming the ground is continuous, i.e. the far edge of
one strip is the near edge of the next, and keeping track of the
"furthest" (in angular sense) edge. If part (or all) of the next
strip is "below" that edge then that part (or all) wiil not be
included in the trapezoid integration. For example in the sketch
below

antenna start

stripI strip II1

>
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all of strip I, none of strip II and that part of str1p III between
D and E will be included in the integration.

For the receiver antenna a "semi" directional antenna is
assumed; that is, only the incident fields from the front half-
sphere around the receiver are included. This is as though an
omni-directional antenna was used but blocked by the fuselage from
receiving signals from the direction of the tail. This is done in
the program by stopping the summation of fields over the ground
strips at a point directly below the receiver.

The back half-plane is assumed to be an ideal flat horizontal
reflecter of infinite extent. The field from this is included by
adding the "gain factor" for this as an initial strip to that cal-
culated by integrating over the “'real” strips.

3.2 OPERATION

ILSGLD assumes the ground description is a file called
GRND.DAT, and that the receiver locations are in a file called
PATH.DAT. The user starts the program and then inputs the name of
the file containing the antenna description. The simulation will
be run, and the output will be found in file STRIP.DAT.

3.3 CONCLUSION

ILSGLD represents an initial effort at glide slope landing
system simulation. It has been exercised with simple test cases.
Two possible areas for future work include:

1. terrain variation perpendicular to runway centerline
direction - the ground does not usually have a constant
profile along the y-direction as is presently assumed;

2. varying -onductivity - the physical ground surface is
not necessarily the *"surface" as seen by the radio
frequency ficlds as is presently assumed.
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4, FMAKE PROGRAM DESCRIPTION

FMAKE is a file generation program used to create input files
for ILSGLD. It is designed to be used interactively. The user
starts by runninz the program. The program will respond by typing:

INPUT SWITCH:

The user then types in a single character switch, followed by a
<CR>, tor the file he wishes to generate. The program will then
respond with a request for the input required for that file. If
a blank is used as the input switch the program will terminate.
If any character other than the ones explained below are used an
error message will be given. After each file is generated, the
program will return to the switch input point thus allowing the
user to generate the data files for many simulation runs in one
sitting.

(N.B. Al) units are in feet unless otherwise stated)

4.1 SWITCH: Y

The program will type:

INPUT YO, LAMBDA:
The user then inputs in free field format the y-offset (i.e. the
y-coordinate) of the antenna elements and the wave length of the
carrier, followed by a <CR>. The y-offset is the distance from
the base of the antenna to the centerline of the runway. As this

information is required for both the antenna description and the
flight path it is input with a separate switch to avoid repetition.

4.2 SWITCH: G

This is used to input the ground description. The program
will respond with:

INPUT CROUND FILE NAME:

The user then inputs a $five(5) character name for the ground
descrintion file, followed by a <CR>. [ILSGLD requires the ground
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file to be called GRND.DAT (The .DAT extension is a system
default). FMAKE allows the user to generate several -ground files
with different names at one sitting. Then by using csystem renaming
commands 2 single batch job may be set up that will run many
simulations without further user interactions.

The program will then type:

INPUT GROUND LABEL

The user then inputs up to 40 characters to be used as a label for
this ground description. This label is carried in the ground
description file and will be placed in the output file by ILSGLD.
This allows the GLDPLT program to label the plots with the ground
description. This is necessary if a batch job generates plots from

more than one simulation.
The prcgram will then type:

INPUT GROUND SEGMENTS. STARTING FRCM ANTENNA, GIVE
CONSECUTIVELY EITHER X AND Z INCREMENTS, OR THE LENGTH AND
ANGLE FROM HORIZONTAL IN DEGREES, SEPARATED BY A ZERO. HIT
CARRIAGE RETURN FOR END OF DATA, OR IF THERE ARE NO MORE
SIRIPS.

the user inputs ground strip end points in either Cartesian or
polar increments using two or three fields respectively. These
are input in floating free field format followed by a <CR>. The
first point is taken relative to the origin and is the near edge
of the closest strip to the antenna. The second point is the far
edge of the first strip and the near edge of the second strip.
This second point is relative to the first. This will continue
for additional strips until a <CR> is hit with no data, at which
point the program will return to the switch input. For example
to input this prdfile:

-.0° tilt

1200°
” /
2400

170°
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The input would be
0.,0.
1200., 0., -.6
0., -100.
2400., 170.

There is a maximum of 20 strips allowed in doth FMAKE and

ILSGLD. This is determined by array sizes and could be changed if
desired.

4.3 SWITCH: P

This is used to generate a flight path file. The program
will respond:

INPUT FLIGHT PATH FILE NAME:

ihe user then inputs a five(5) character file name (the name must
be exactly 5 characters). ILSGLD requires the flight path to be

in a file called PATH.DAT (for explanation of multiple files see

SWITCH:G). The program will then type:

INPUT FLIGHT PATH TITLE:
The user then inputs a title, using up to 40 characters, for the

flight path. This is used as a label on the plots output by
GLDPLT. The program will then type:

INPUT FLIGHT PATH TYPE:
The user has a choice of two flight path types, linear or hyperbolic.

For a linear flight path, type a <CR>; for a hyperbolic path type

a 'G' followed by a <CR>. When it is a linear flight the program
will respond:

INPUT X0, YO, 20:

The user then inputs the x-, y-, and z-coordinates of the first
receiver point in frece field floating point format followed by a
<CR>. The program will respond:

INPUT XF, YF, ZF:

4-12
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The user then inputs the final receiver location in the same way.
The program then types:

INPUT # OF POINTS, VELOCITY, TIME CONSTANT:

The user then inputs the total number of receiver locations
desired in integer free field format, followed by the velocity

of the aircraft in feet/sec. in floating point free field and the
time constant in seconds (usually 0.4) used for the "inertia" of
the receiver in dynamic simulation. The program will then gener-
ate the data file and return to the SWITCH POINT.

The actual ideal surface of zero CDI is a hyperboleid of two
sheets whose axis of rotation is parallel to the z-axis an< passes
through the antenna. For comparison purposes it is convenient to
have the aircraft travel along this surface and see how the real
CDI deviated from 0. If the glide path is used for linear flight
in the near field (between threshold and antenna) large CDI's will
occur because of the hyperbolic shape. The program will allow the
user to generate a hyperbola which is the intersection of the 0
CDI surface and the plane containing the runway centerline parallel
to the z-axis. To do this the user types a 'G' for the flight path
type. The program will respond:

INPUT X0, XF, H:

The user inputs these in floating point free field format
followed by a <CR>. X0 is the x-coordinate of the initial receiver
point (Y0 is zero and 20 is specified by the hyperboloid), XF is
the x-coordinate of the final receiver point. H is the height of
the main carrier element in the antenna array. The program will
then respond:

INPUT # OF POINTS, VELGCITY, TIME CONSTANT

These are input as above. The program will generate the file and
return to the switch point.

4.4 SWITCH: A

This switch is used to generate the antenna description file.
The program will respond:




INPUT ANTENNA FILE NAME:
The user inputs the 5 character file name. The progian will type:
INPUT ANTENNA DESCRIPTION:

The user inputs a <40 character antenna description to be used as
a plot label. The program will then type:

INPUT ELEMENT VALUES:

The user then types in, in free field floating format, a maximum
of 8 fields followed by a <CR>. The fields have the following

usage:
field # usage
) x-coordinate of clement (usually 0)
Z z-coordinate cf element (height)
3 real amplitude of carrier
3 imaginary amplitude of carrier
5 real amplitude of 150 Hz side band
imaginary amr.litude of 150 Hz side band
7 real amplitude of 90 Hz side band
8 imaginary litude of 90 Hz side band

This element inputtirg is repeated for each element. After the
last element is input an extra carriage return is typed. No
y-coordinate i3 input for the elements. This is because nominally
all the elements have the same y offsct (the value input as YO
under swit.1:Y). lHowever, a small offset correction is applied
for near field correction. An explanation of this correction may
be found in part I (see discussion preceeding Eq. (33)). This is
automaticaliy done by the program. As the first clement input is
assumed tc have the correct offset, it will always have a value
of YO. bhus the main carrier element should be input first, for
example, a null reference antenna was input as follows:

INPUT SWITCH: Y
INPUT YO, LAMBDA: 300., 3.
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INPUT SWITCH: A

INPUT ANTENNA FILE NAME : NULL
INPUT ANTENNA DESCRIPTION

NULL REFERENCE ANTENNA

INPUT ELEMENT VALUES

0., 15., 1., 0., .4, 0., .4, 0.

B 0., 30., 0., 0., -.12. 0., .12, O.
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5.  GLDPLT PROGRAM DESCRIPTICN

- GLDPLT is a plotting output program to graph the CPl informa-
3 tion from ILSGLD. The ucer runs GLDPLT which ihen types:

INPUT FILE NAME AND AXIS TYPE:

The user then types in a § character (left-justified and blank
filled to 5 characters) and two integer fields in free field
format. The first integer is the switch for x-axis type and the
second integer is the switch for the y-axis. The y-switch has

two values, 1 and 2, the x-switch has three 1, 2, and 3; any other

o values will terminate the program.

s VAU IRES e

ol 0 DYk ) Oy

The switches have the following usage:

- y-switch=1 this piots the static CDI values
V y-switch=2 this plots the dynamic CDI values
: x-switch=1 this uses the altitude angle, in

degrees measured from the origin of
the receiver point as x-coordinate

T il

x-switch=2 this uses the x-coordinate of the
receiver as the x-axis

x-switch=3 uses the time in seconds, at the
2 receiver point, as the x-coordinate.

3 After the input, a plot is generated and the program rcturns to
the input and asks for the data for the next plot. The user can

F give the same file name to plot the data differently, or a new

: file name can be given. This would be done when multiple runs

were done before plotting; the output file from each simulation

run carrying its own name.
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C AnD
P{})

1000

VI83464) 2ieTLeT4

otegusion ILABL(S)

olngEgIO™ IPTRAT(I))
COVOR sPLAT7 BRP,RINE,RAINE PRV T, PILT , RTNE  BYRX , RTPT,0TLE,
IRIVN AT, AIT T, AILY PYSS, SINX,PITT,ATLY,
FAITE ATSRATRT, ALY, APRN,ABNX, 35T T,ABLY,
DL, ADIX.ADIF, 8010,
CADSS ADRRADSY, 0000
CSIIVALESSE {IPTRAT(]). 0P)
InPLICTT COWPLEX (C)
DIeCEsION 2{383,T120),1° 2
DISERIION CF1(22),802(201.CFD(23)
$*PLICIT DOVSLE PPLCISION (D}
COnCa /REC/PE,01,82,0T7,%8828

PEAL LA"BDR

17193 FACE 1

COsns 2CROURDZ 8,X1(20),23030),22(2723),22(€723). 1L
CLYCT /AST/AL,AY,AL,LAPADL,018,00]

CO®=0n /¥AL/ wR,N2

1413 vALUL OF TeO PI I3 INITIALIZES TNIS wAY TG AYOID USIC

SLOCE DATA
CPI=0,28)1883575783044740

Twis CPEmS TML OUTIUT FILL
CALL OFILE(1,*STRIP®)

Inls 13 A Dyswy aglORD,
FIL oIl 8L AEsJUsSD ARD THE ACTUAL RECCRY SILL 8L ¥RITTER

oRITE(1) IPTOAY

AFIZS IxT BUN I3 FINISNED TNC OUPTVT

TMIS SUSROUTING CPENS Tof FLICHT PAIN FILZ AND RETUPSS wiTX

CALL IF(ILASL,TAMN)
FORYAT{0AS)

*PITEC1,3000) ILABL

“APs

THNE FLICHT PATN PLOT LABEL (ILABL) AMD TI%E CONSTANT (TAU)
TRE FILE =A3 SCT UP w1ITN JOVRAL SC THIS SUBROUTISE AND INPUT aARg
USEL 10 FACILITATE »O0IFACTIONS

T41s SECTICN INTTIALIZELS S0sL CONaTANTS
L]

THIS SECTICS INPUTS TNL CROUND STAIPS DECSRIPTIONS
CALL IFILE(23,*SRad?)
READ([20,1088) ILABL
upITCL1,1085) lLasl
READL20) K.X1,31.%2,22

CALL PELEAS (I0)

INIS SECTIOS INPUTS THL ANTEMUA FILE NAWE T0 BLUSLD
INES IXPUTS THI ANTUSEA ELENMINT DESCRIPTIONS

WRITL(S,2001)

FORRAT(S IwdUT ANTUSNA FILL BAPELY,$)

PTAD(3,2008) ILSL
FORRATLAS)

(]
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CALL I71LEC20,2L08)

2EA8120,1000) 1188

wITEI1,1000) LA )
PEASTI0) LANDOA, MBS, CXCE)oTLE BT ,CPLCEY,CPICII CTILL)oTn1,0EL)
CALL BELEAS ¢2)

SARTILEL, /B0RT LY, oL N84 )

TE L0000
SARelPI/AMELLANGA )
SaRepnELLBAK)

TAIE 13 THE BAls LOGS FOR Tnt 31PULATION, TIRL RE(LIVER
LOCATION 15 MAD 1B BY IPMNT, TVE SATA 13 I8 COsaOu *pC®
g Ispyy BEING SOSE BT JOVREY, 1IF TAEME ASE BO wCiL AILIIVES
POInTE THE SUBRONTING RETPRNS TO 24t,

91 CALL INPET{O0)

THIg SECTION INITTALIZES TRE COWPLiT AMPLITUILS FOP
PECLIVES FIELD AS FULlles:
crm CADRIER wilw *PEAL® CRUTAD
creg 130 N2 SIBESARD «ith ¢BLAL® CPOUSD
<y 002 SINEBAFD wilR *pEAL®
Crs: CAMDIER ulTe *J3CAL® FLAY COURD plast
crs: 13043 UITR *10CAL® CROUED
733 0 NEultTH *IBEALY ERDURD
CrRieis,.0,}
Cregets, f,)
Crasats, . .8,)
Crsiets, . .8,)
Craze(e..d,)
Criiats, 0,)
PISSERTIFISPReRTONT)

THIE LOCP 13 OVER TAL ELERENTS OF INC ASTEsXA
THg COWpLES FIELOS ARE SUWWED I CPmi.CPR2 RIS,
80 3 Iflsi.ott

" nnn

nAananananng

THESE ADL DML LOCATION COTADINATES OF YNE Astgxwp LLEIWINTS

48D CONSTAMTS USKD I8 TnE STRIP INTICHATION

AXsx{ILL)

AYsYLILL)

AZsLtILL)

OELABRXeAX

STLYSATeAY

btiisnleal

D8eSS3NT(DELRODELRSELYeRILYeDILLSTELY)

L2 214841 }]

Obsddegak

ILe2ps001

neen fen

THIs SECTION IXJTIALIZIES M@ ARD <@ IO ISCLUDE THL
SEPT=INPISITE PEAR CROUSD PLASE
TCPIdRDBLU(FLIATIILIIOOP]
TERPeReAl

[aXaXa}
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[1—= 3 24 31 4
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1 SUSAOUTIENE INPUT(S)
2 COnNOn /REC/ RRCE),NBL1IR
3 Ir(usiiz 1L, ¢) SCTURS 3
[} CALL JUVNI(3,0X,4.0)
3 NSIlBeNgIILey
[} RETURS
7 [ et
CONSTANTS
[} 980800000008 1 50000002004
Conngy
nx e 700 usrie I 4 )
STRPRCCRANS
JOY¥}
SCaALARS
1upUT 36 [ 23444 4
ARRAYS
RX ¢
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1L86L0,. 74 res V36343 21e3ULeT4 17183 Pagt ¢
by 4
3 [ < THIS SUBROTTIING SUNE THE CFPFECTS OF TAC STRIPFS TIAT maXE
3 C uPr u CROUNBSUNIACE, THERME ARL *R° SIRIPS DEACAINED N COmudn
4 C GROUND AS FOLLOWS:
] [ Z1(I) THE ZCOORBINATE OF THE LTADING LOCE OF TNE 1IN SIRIP
[ ) [ 21(2) THE ZCOOROINATE OF TNE LTADING EB4C OF T™HE I°TN STRIP
? (4 52(1) TINE XeCOOMRINATE OF THE ENGING LPOC OF THE 1°TH SIRIP
[ ] [ 23¢3) THE L+COOMBINATE OF THE EROING SOOL OF TRE 1°TH STRAIP
1 ] SUSAOUTINE SCAY
16 Conadn /EC/7 RI,AY,02
13 CONnOR ANT/AR 45,48
12 Conndn 7 BoR3(30)028£20),X210728),23(9728),18L
13 c ConnOn /3887 XX1,333,%%2:522,%
14
13 [ 4 SNESE ART INITIAL VALURS 70m THE FARANCIERS USES IR SRADOWING
10 3 "eey,
17 ¢ Planoel,
18
19 [ TNIS IS TNE L0O0P OVER TR STRIPS
20 ¢ 00 § Isg.k
1
a2 [ THESE ARE TRE VALUES 10 AL UsSED IF TNE STRIP
33 C INTICRATION SUBMOUTING
24 ¢ X3 LEADISG XoCOORDIENATE
8 [+ E23% LEADLIEE 1COORDINATE
i 28 [ 4 4X3 TRAILINS R<CCORDIEATE
37 4 222 TRAILING L-COORBINATE
29 xxiexitl)
s E330 238441
30 XX3eX3L1)
s c 222822(1)
33 [4 IS IS A TESY I0 SEL If INE SUNNATION CYER INI SROUND
3 C BTRIDS XA3 REACNED INT RECEIVER LOCATION, 1IF 1T Mis THE susmation
33 € Is STOPPED, TNis 18 YO CIVE INL EFFECT OF FOMARD LOOKING RECEIVIR
36 C ANTENNA PATIIAN,
»n c 17¢ xx3 €%, 8X) S0 T0 4
3
39 [ IF tHE RECITVER 13 LOCATED OVER THE RIDOLE PCATION OF A sTRlIP
(1] C THE STRIP WILL OC INTEGRAIE CHLY UP TO IRT VALWYE OF Tmg
4 C PLCEIVER XoCOORMDINATE
43 Jrex13 ,LE, AX) CO 10 §
4 2220221+ (RXoXXYIS(ITIL2L) /(2 TeRRS)
4% TXIAX
[} ] : CONTINuL
H 4%

%] < X715 SECTIOK DOES YNE sNADQWING, 1IF PARY CA ALL OF TNt SIDUP
: [1] € Is In IN: SRADOW OF L PRKVIOUS STAIP, THIS SIRLF ¥ILL BE SLININATED
(1] C R NASKID 1O C1IvE TNL CPPECT OF SNADOVING,

. 11 BEL1axX2edx

) 31 r(esLx ,1g, 0,3 G2 0 3
2 NICe{A2e223) /001X
$3 Ir{sLorL LT, 9,) GO 0 )
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NS SUEAINTINE INTECRATES CVEIR THL SURFACE SIAIP DLFINZD
Y X1,31,23,23 I8 COmmOR “3CC°, 70 CIVE TNE PILLD CFFECY
OF ITNCASTEERA CLENENT 1IN COWNOs °ANT® AT REICICYER DEPINED
15 COmOs “2EC°, INC VARIABLES ARE A3 FOLLOWS:

ax ASTENEA X«COORDINATE

[ 34 ANTTERA YoCOCRDINATL

(23 ASTERRA TCOORDINATL

LANSSs WAVELENETR =7 CAmmits

Az TGP /LAB0A

ors TVoePL (BOUBLE PALCISION)

2z AECEIVER XoCOOPDINATE

[ 34 SELEIVER YoCCORADINATE

n MLEIVEDR 2-L00001NATE

" L PARY OF ‘CAlN‘ FACTOR

ng IRACINASY PART OF °*CiIn¢ FalTOR
1 3% LEADING E36E OF STRIPSS 2CO0MDINATIL
1 LEADING 2CO0RDINATE

12 TRAILING SBCL X.COORDINATE

22 TRAILING TLOOROINATE
THC INTECRATION IS PERFORMID BY A RIDIFIED TRAPIZOID aylL,
THE SPAJING BLTVERS POINTS ALOSC TNC VARIABLE OF INIECmATION
18 VARIED BY TNE 2ATL OF CMARGE COF INE INTECRAMD,
SUMBCUTINE S
CONNCE 23867 X3,31.12.12.8
SIUNLE PRECISION A1,A2.01,83,X1,A12
AL  JB,J1.508,J01,5%R,2%1
REAL LaWOSA
SOUSLE PAECISION AX,DPI,.08
COROR 2ANT/AR,AY,AL,LARSOA,AK,DPY
CINNCE JALC/RX AT, 22
ConmQN /VAL/NE,N]
REAL L3,Ll10

TALS IS INC IBITIALIZATION SECTICN
AYI6OBLE(ATI eIBLELAT)

AREegRSL(AR)

T

[« <} ¥ (41

X4AX IS TRE LENSTN ALORG TNE SURFALL CF TNE STRIP
IRARSSSAT(SesRelLelk)

IALSE ARE INT SIE AND COs CF TNE ARSLE THE STRIpP NAKES “ITH
A MCRIZOWTAL PLANE
SEeSE/X=AX
CEalt/amax
Jisg,
3190,

XL 1S INT YASTASLE CF ISTECRATION, IT I8 INL DISTAXCEL
LOBGC THI SUSPACE CF THL STRIP STAATING F2ON TWNL LETASISC LOCC
ILeg,
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C POINTS ALOSSC 2L VARIABLE OF INTEGRATION

nn nNon

NONesNONN

L3s LANRBA/IS,
Litels,olandea
AjofiteR}
Ajelels

s18%1

83021042

Ashky

TLePed2
A8 SSATCAATENPSTINP)
| §

TIRPed2

35 SERAT(BeBeTINPOTEND)

TERPsled

g:gm CEBLECTERF ) oZBLELTENP) o 30LE(ATSETY)

Sasdfedx
30201
TaSReSELEITLOAT(I) I 392
CaCrIEnp
CeCel
saled

SESARTI{L . 7008, /83 /CIC/ICY
SOAL/VIDIRIRIS

JIReSCT=ITAP Sl
JIIsCodPeTINP LY
ApstediCLeilont)/sa
Sru(BleCEeR2e8L)/E

FP 13 TEL SERIVATIVL OF TRE MMASE FUWIIOS

CF ING INTELRAED

TPeisS((A0+303/0)

oL 18 DEILIA XL
SLet3/ 1P
173 .63, 10) Drslis
IPLEL LT, L3) Dleil
ILelLeRL

INIS 18 IMR LOCP CYIR TIX AT3FALL OF INK STRIP, 3L I3

INCAEARETED 4T SL (OF vaARIAALE SISK) USTIL INE £90 OF TAE STRIP
1 2LAJRDD (IXaI)

{ostinct
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107
108
109
110
111
182
113
114
118
116
137
118
118
120
123
132
123
124
128
12¢
127
128
139
i)o
M
132
133
134
138
134
13
132
139
140
141
142
143
144
148
146
147
148
149
150
184
L2
153
154
i85
1586
157
158
159

r40

C ARE EVALUTATED SEPARATELLY,

¥26(14) 212JUL~74 17182 PAGE 1)

C 18 EVALUATED TO DETERMUINE THE 12 FOR DEILTA X

O NN [a¥al oan

LN a¥a)

[2Xal

OF THE TRAPIZOIDS KAKING U,

DLSCsDLeSE

DLCEsCLeCE

AsAteDLCE

A2sA2=DLEE

BisdieDLCE

D2282+DLSE

AmAg

TENPEA2

Aa SORT(AGACTENPOTENDP)
Jeby

TECupad2

Bn SORT(BeBeYLHPOTEMP)
TEMPsA el
DRabSORT(OBLE(TENP  oDBLE(TEMP ) oDBLE(AYOAY))
CaghGL(DR)/TEMP
DRaDROAK

1sDR/DPE

THIS 1% THL PHASEE ANGCLEZ *NODULO TWO PI®
FaORDBLE(YLOAT(I))e0PL
DuCed
ReCold
SuSQRT((1,/he5,/8)/C)/C
GuA1/(DedeRoReR)

THIS I8 THE ANPLITUDE FUNCTION
TENESG/ (AKKED)
Cralos(r)
STsSIN(F)

THIS 18 THE REAL PART OF THE INTEGRAND FOR THE

INTESRATION VARIABLE VALUL OF X

JiRuGeCFeENPosT

TH13 18 THE IMAGINARY PART
JNIsGeaSTeTENPaCK
TEXPsOL

THESE ARE THE REAL AN IVAGINARY PARTS OF THE THE SUMMATION
2HE APPROXIMATION TO THL INTEGRAL

JREJRe(JORGINR)OTENP

J1sJ3e(JOTeINIYOTENP
IFLIT (NE, 0) GO 10 2

JORSJINR

JOTagNg

APz{eAf{eCEaAQe8E) /A
8Pe(B1eCEeBe8E) /B

Fp IS THE DERIVATIVE OF THE PHASE FUNCTION
FPEABS((APeBP)/C)

A-20
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- PHAKE,FQ reo ¥i8(14) 21eJULeTY 17132 FAGE 1

1 DIMENSIIN IDUN(2)
2 DATA ICUM(2)/°,DAT"/
3 CORMOE XX,YY,22,TT
4 DIXRENSION ILADL(S)
) DINENSION X(20),¥(20°.2¢(20)
[ InPLICIT CONPLEX (C)
? DIMENSICK C1€203.03(303,C3(20)
(] CORMON /CROUND/ K,X3(203,23C203,X2(0/720),22¢0/7203. X",
] [+
10 [4 TNIS STCTION ACCEPTS THL INPUT OF THE SWITCH (ONL * *-rvep) IO
11 € DETLAMIKE wNAT K18p OF FILE 10 CENEIRATL,
12 ¢ <BLANEY TO UMD INE PROGRANM
1) [4 b 4 10 SET ANTENNA CFF4ET AND IRISSI0% eAVELL: T ~
14 ¢ 9 FOR CaOUND DESCRIPTION
13 C 1 4 FOR FLICHT PATM
16 < A FOR ANTENNA DESCRIPTION
13 F] “RITE(S,1012)
18 READ(5,1009) MAVE
A 1 FI{SAnE LEQ,° *) G2 10 3
= 20 IFESANE LEQ, °Y*) GO 0 3¢
2 IFg(uantg 23, *C*3 G2 0 13
= 22 IF(NANE Q. °*P°) G2 10 22
= b3 ] IF(RANE ,£Q. *A’) GO IO 23
X 4 SRITE(S,1012)
= 8 ¢ €0 10 2
5 "
= 27 4 INLS I8 TN INPUT FOR THE ANTENEA OFFSLT AND FOR UNT
= 20 C tnuuxssxc: WAVELEBGIN, SOTR ARE 1IN FERT AND ARE FLOATIAC PCImt,
= k1] WRITE(S,1013)
30 READ(S,301) YO,RL
N Co 0 2
32 <
-5 3 < THIs SCCTION IS FOR  CROUKD DEIZRIPTION
= ): gl WRITE(S,1014)
= 3
= W < THIS I8 1O INPUY INE FILE MARE FOR GROUND DESCRIPTIOS
E- 37 READ(S5,103) IDUw(})
3 1] c WRITE43,104)
Z b1
3 40 [ 4 THIS IS TO INPUT THLI PLOT LABEIL FOR CROLWD DESCRIPIION
= 4 READ(S,108) ILASL
42 WRITE(S.300)
4) 4
= 44 < ?N!S 33 INP INPUT FOR TNEZ GROUND STRIP nc: cmxnns
~ 4 4 DELTA XeCOORDINATE FOR CARTEZSIAN A
2 4 [< RASGE FOR POLAR COORDINATES
3 47 [4 12 SILTA YeCOORDINATE FCR CARTESIAE AND
3 49 < USUALLY LERO FOR POLAZ COCRDINATIS
> 49 < IHETA  LTLRO FOR CARTESIAN COCRJINATES AND
= 8¢ 4 TME ZLEVAICK ANCLE FOR PuliR
4 91 [< INIS 18 THR INPUT FCR TNEZ STARTING LDCL CF INL FIRST SIRIP
$32 READ(S,101,80D82) R,2Z,INCTA
33 X23(0)eReCOSD(INETA)oZ208TND(TRETA)
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FHARE,F4

L L] ¥38{14) 21e3ULeT4 17482 Pact 2

22(0)sReSIND(THLTA)SI2eCOSD(TALITA)
Ked
¥RITE(S,102)
[
[+ ™HIS 18 INE ISPUT LOOP POR THE RE3T CF TAL STRIP EDCTS, INE
C LOGIS ARL THL TRAILISF LDGE OF THT P2LYIOUS STYRIP AED ¥NE
C LEADING £DGT OF TNE NEIT, TNL LOOP WILL CONTINUL TO A RAXINUN CF
€ TeZNTY STAIPS OR UKTIL SOIN °*R° AND *IL° ARE 1RO,
11 READ(S3,101,E00.2) B, L2, THLTA
IP(R, 52,0, GO 0 S
Ir¢ez, ng,0,) GO 10 8
1r7¢x,28,01 GO 10 2
= -
Kske}
I3(K)18X2(Kel)
33(xys2I(r~3)
X2(KIBX2({Kel)oReCOSDCINTTA)IZOSIND(TNETA)
22(K3022({Re1)oROSINS (TULTA)oTTeCOSD(INLTA)
Ir¢x,LT,30) G0 70 &
4RITL(S,103)
G0 10 4
¥RITE(S,102)
¢0 10 13

1413 OPENS A FILE FOR INE GROUUND DESCRIPTION, Curpils IT
In BINARY AND CLOSES TNEL FILE, FLOW INES RETURNS 10 TNE SulTin pOINT,
CALL CFILE(20,IDUN{L))
“RITE{20,103) flasL
SRITE(20) K.X1,28,X2.22
CALL RILEAS(20)
GO0 8 2

annn e

TNIS 1S THL SECTION TO GENERATE A FLIGKT PATIX FILE,
2 4AITE(S,1019)

REAS(S,10%) ISUMLL)

INI3 13 TO CREATE INE FiLE IF OSE DCLS K0T ALREADY LXIST,
THIS IS EECTSSARY AS JOVARAX DOLS hOT CPCATE FILES,
CALL CFILE (20,10un(1))
CALL BELEAS(IO)

<
<
2
<
< Tuls IRPUTS TEL FLICT PATK FILE MARE
<
[ 4
4

<
< IMIs IS 10 CEX INE PILE FON JOVYRAX
CALL JOVSET(1,3007(1),8812L)
SRITE(S.100))
4
< tNis 18 TO IRPUT INL FLIGKT PATN PLOT LABEL ASD COTPUT IT 10
€ ML FILC

READ(S,103) ILASL
CALL JOWnO(1,I1lA8L,0,0)
wRITL(S.1088)

M

I
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TRAKE, V¢ (L1 ¥36(14) 21eJUleY4 17132 PACt )

107 [ 4
108 [ Ixls SHlTCK 38 TO SELICT EITNER STRIGNT LiNE FLICHT OR
109 C NYPERBOLIC, °C* 1NPUT ¥itl SELECT nYPRZRdOLIC ANSTINING CLSE WILL
118 C GIVE STRIGKT LINE,
113 READ(S,1009) 1
112 Ir(r Ng, °G*) €O %0 12
11) 4
114 c INIS 18 THE NYPERBOLIC FLICT SICTILH
119 wRITE(5,1010)
118 [4
117 [4 THIS IS INT IWNPUT TO OLSCAIBE TNK FLICNT
110 [4 X3 STARTING ZO00RPINATE
119 (4 ¢4 CNDING X«COONDINATL
120 [ L] NEICHY OF RAIN CLENCET USED 10 DLYANINE CLIDE ANGLE
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g In this Appendix a test case is presented which the programmer
3 may duplicate to gain experience in running the model.
} The test case uses a Null Reference antenna over a terrain as
: sketched below.

\

] \
3 The results are shown in Figure 9.
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